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 In this paper, with a comprehensive approach the energy, exergy, economic and environmental (4E) 
analyses of an organic Rankine cycle (ORC) to produce combined heat and power (CHP) based on solar 
energy have been performed. In order to perform a plenary survey, after thermodynamic modeling of 
the ORC, the study of the flat plate solar collectors (FPC), parabolic through solar collectors (PTC) and 
gas-fired boiler as the energy supplier equipment in the independent or combination models, as well as 
in the open or circulated state of the heat source flow have been done. In the open heat source flow 
state, the outlet flow of heat source at temperature of 80 °C is used to provide required heat in different 
sectors; however, in the circulated flow state, the amount of required primary energy is less than the 
open heat source flow state. Also, the use of photovoltaic panels to provide the pumping power of cycle 
is studied. The calculations show that the cost of produced power from lowest to highest is related to the 
use of gas-fired boiler, parabolic trough solar collector, photovoltaic panels and flat plate solar 
collectors respectively. Also, because of the efficient use of energy resources in the combined heat and 
power generation (open heat source flow) compared to power generation (circulated heat source flow), 
the energy and exergy efficiencies  are increased %8.61 and %8.11 respectively; although the open heat 
source flow system compared to circulated flow system require  higher investment cost. 

Keywords: 
Organic Rankine cycle 
Solar energy 
Cogeneration of heat and power 
Environmental 
Economic  

 

  

-1   .

 .

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

    

) 4E (      

  

230  13951610  

  .

  .
 .

 .
[1] .

1  [2]. 
[3] 

  .
65707580 

85    .77.4 
  84.1  

%1.66  [4] 

50  .
46  

 .
861 %1.41 47.26 
%78.69  .[5] 

 

. 
ORC   R438AR422A  R22M 

80100 120   .R407A R22D 
 80100  

  [6]

  . [8,7]
-50 

 .
- 

R245fa   
  

 
Fig. 1 Schematic diagram of the ORC 
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Fig. 2 Variouse ORC inputs and outputs 
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Fig. 3 Variouse types of cycle with open heat source flow for CHP 
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Fig. 4 Variouse types of cycle with circulated heat source flow 
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Table 1 Variouse states of heat source energy and its flow type 
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Table 2 Basic cycle thermodynamical condition 
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Table 3 Initial data of energy resources 
  

 (W/m2) 850 
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Table 4 Initial economic data of solar 

  
 ($/m2) 140 

  ($/m2) 170 
 ($/kW) 8000 

 ($/kW) 1000 
 ($/kW) 100 

 ($/m3) 0.05 

 .

 .
 

1391 5 

[30,29].  
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Table 5 Initial data for environmential analyses 

 CO CO2 Nox SO2 
(kg/m3NG) 0.001344 1.92 0.00448 0.0000096 

(g/kWh) 1.667 864.458 2.493 8.534 
)$/kg( 1 0.027 300 86 

 
Fig. 5 Thermal efficiency of ORC for model validation 

5  

6   
Table 6 Validation of FPC model 

IT Ta Tin Tout Vwind  [32]  
(W/m2) (K) (K) (K) (m/s)     

560 306.15 317.65 318.15 6 43.99 1.811 45.13 1.902 
630 306.15 318.15 319.15 6 45.26 1.962 46.42 2.053 
750 307.15 319.15 320.65 5 48.15 2.132 49.29 2.241 
830 308.15 320.15 322.15 6 49.54 2.230 50.66 2.344 
925 309.15 323.15 325.65 6 50.40 2.638 51.48 2.768 

1020 311.65 327.15 330.65 6 49.63 2.830 50.61 2.972 

7   
Table 7 Validation of PTC model 

IT Vwind Ta Tin  [33]   

(W/m2) (m/s) (K) (K)    

933.7 2.6 21.1 102.2 72.37 72.51 73.68 
968.2 3.7 22.4 151.0 71.80 70.90 72.99 
982.3 2.5 24.3 197.5 71.01 70.17 72.17 
909.5 3.3 26.2 250.7 69.47 70.25 70.68 
937.9 1.0 28.8 297.8 67.85 67.98 69.16 
880.6 2.9 27.5 299.0 67.36 68.92 69.53 
903.2 4.2 31.1 355.9 64.04 63.82 65.74 
920.9 2.6 29.5 379.5 62.54 62.34 63.69 
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8     
Table 8 Technical results of ORC modeling 

   
 (kg/s) 4.53 

 (kg/s) 31.78 
 (kW) 412.2 

 %17.13 
 %16.12 

 2156 (kJ/kgK)  
 

9   
Table 9 Technical results for energy resources 

   
 (T9=25 oC)  

 
 

  (m3/h) 277.6 
 

 
  (kg/s) 0.03366 

 (kg/s) 0.6731 
 16 

 302 
 (m2) 906 
 %59.86 

   %74.25 
 %11.36 

 
 

 (kg/s) 8.53 
 (kg/s) 85.30 

 14 
 138 

 (m2) 260 
 (m2) 6471 

 %64.63 
   %75.91 

 %12.68 
(T9=80 oC) 

 
 

 (m3/h) 253.4 
 

 
 (kg/s) 12.80 

 (kg/s) 128.0 
 14 

 138 
 (m2) 259.2 
  (m2) 6453 

 %61.71 
   %74.24 

 %11.41 
 

 (m2) 10.36 
  

12    
  

10  
Table 10 Thechnical and economical results in CHP mode 

   
 

 
 (kW) 230.3 

CHP  %25.74 
CHP  %24.23 

CHP  1926 (kJ/kgK)  
  (m2) 8.373 

 
 

 2931 ($)  

 3152 ($) 

 
 

 .

  

 .-
  .6

 .

  
 . 

-
  

 
  

  

11  ($/kWh)  
Table 11 Cost of generated power based on energy resources ($/kWh) 

   
 (T9=25 oC)  

  0.024 
  0.820 

  1.074 
  1.067 

  0.346 
  0.185 

(T9=80 oC) 
  0.023 
  0.345 

  0.184 
 

  0.440 
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12 ) $/yr( 
Table 12 External costs of pollutants in use of natural gas ($/yr) 

 CO CO2 Nox SO2  

ORC 341 42589 106×2.849 79744 106×2.971 

CHP 263 13994 106×0.363 223 106×0.378 

ORC-CHP 604 56583 106×3.212 79967 106×3.349 

- .

22
  . 7 

 .8
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Fig. 6 Effect of flat collectors raws number on mtot, Csolar,hyb and Ncollector 
6 

 

 

Fig. 7 Effect of flat collectors inlet temperature on Ac,tot and Csolar,hyb 
7 

 

 
Fig. 8 Effect of Tout,serries in flat collectors on Ac,tot and Csolar,hyb 
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Fig. 9 Effect of msource changes on Ncollectors and Csolar,hyb 
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Fig. 10 Effect of PTC raws number on Ac,tot,  Arec,tot and mtot 
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Fig. 11 Effect of PTC raws number on Csolar and Rawcollectors 
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Fig. 12 Effect of PTC inlet temperature on Ac,tot and Arec,tot 
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Fig. 13 Effect of PTC inlet temperature on Csolar and Csolar,hyb 
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Fig. 14 Effect of PTC inlet temperature on hcal and hcal,steady 

14  

 
Fig. 15 Effect of PTC outlet temperature on Ac,tot and Arec,tot 
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Fig. 16 Effect of PTC outlet temperature on Csolar and Csolar,hyb 
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Fig. 17 Effect of PTC outlet temperature on hcal and hcal,steady 
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Fig. 18 Effect of msource in PTC field on Csolar and CNG 
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